Intra-and inter-specific competition for shelter, in relation to prior residence, sex differences, and bodysize effects, was studied in the laboratory to assess the potential impact of the alien crayfish species Pacifastacus leniusculus on the endangered Japanese endemic crayfish species Cambaroides japonicus. The resident was placed in an aquarium, which contained a single shelter of preferred size for both C. japonicus and P. leniusculus. After 24 h, the intruder was introduced into the aquarium. In the experiments using different sex pairs of crayfish of approximately equal size, male residents had a significant prior residence effect against female intruders in both crayfish species in the intraspecific contests. However, residents of P. leniusculus dominated C. japonicus regardless of the sex in interspecific contests. In experiments using male crayfish pairs of different sizes, larger individuals had more successful possessions of the shelter against smaller individuals regardless of crayfish species. The body-size advantage strongly influenced the outcome of the both intra-and inter-specific contests regardless of residents or intruders and overcame the prior residence effect in both species. These results suggest that P. leniusculus is superior to C. japonicus in shelter competition if P. leniusculus invades the habitat of C. japonicus.
Cambaroides japonicus (De Haan, 1841 ) is the only native crayfish species in Japan (Miyake, 1982) . It lives in cold, clear brooks and lakes in northern Japan, including Hokkaido, Aomori, Akita, and Iwate prefectures. In the past, C. japonicus had a widespread distribution in Hokkaido (Okada, 1933; Kawai, 1996) and had been used as food for haute cuisine and medicines for diuretics, etc. (Kurohagi, 1991; Yamaguchi and Baba, 1993) . However, natural populations of C. japonicus have drastically declined, prompting the Japanese authorities (Fisheries Agency in 1998 and Environment Agency in 2000) to designate it as an endangered species.
The signal crayfish Pacifastacus leniusculus (Dana, 1852) is native to the northwestern U.S.A. and southwestern Canada (Riegel, 1959) . This species was first introduced into Japan for use as food in 1928 (Kawai et al., 2002b) . At first, it had been distributed only in Lake Mashu in eastern Hokkaido, but its distribution has rapidly extended to other lakes and rivers, especially in eastern Hokkaido (Hiruta, 1998; Nakata et al., 2001b Nakata et al., , 2002b . In some lakes, species displacement of C. japonicus by P. leniusculus has occurred. For example, in Lake Shikaribetsu, P. leniusculus is now established and has drastically increased in number while the population of C. japonicus has disappeared (Kawai et al., 2002a; Nakata et al., 2002b) . However, no scientific evidence has shown if the impact by P. leniusculus has caused the extinction of local populations of C. japonicus.
In general, species displacement of native crayfish species by alien crayfish species results from direct competitive exclusion and predation (Holdich and Domaniewski, 1995; Söderbäck, 1995) , and the transmission of the crayfish plague Aphanomyces astaci Schikora, 1903, which is lethal to all European crayfish species but to which North American crayfish species are resistant (Alderman and Polglase, 1988; Alderman et al., 1990) . For example, in southern England, many populations of the native crayfish species Austropotamobius pallipes (Lereboullet, 1858) were wiped out by direct competitive exclusion and the crayfish plague from P. leniusculus (Holdich, 1999 (Holdich, , 2000 .
Shelter is an important, limited resource for crayfish (Bovbjerg, 1970) . Both C. japonicus and P. leniusculus often hide in a shelter under and between rocks and in a burrow (Kawai, 1992; Guan, 1994) . Cambaroides japonicus spawns and hibernates within burrows (Komoriya, 1984; Kawai, 1992) . Therefore, the shelter including the burrow is an important area for these two species. Competition between species occurs when both species strive to obtain resources that each needs (Krebs, 2001) . Nakata et al. (2001a Nakata et al. ( , 2003c reported the preferred sizes of artificial burrows for C. japonicus and P. leniusculus. According to their study, shelter size preferences of C. japonicus and P. leniusculus are similar; therefore, competition for shelters between the two species would occur if P. leniusculus invaded the habitat of C. japonicus. Previous studies have shown that a competitively superior crayfish species can exclude another crayfish from shelters, resulting in higher mortality of the inferior species preyed on by fish (Garvey et al., 1994; Söderbäck, 1994) . Also, previous studies suggest that the dominance in interspecific shelter competition between crayfish species affects species displacement in natural habitats (Capelli and Munjal, 1982; Blank and Figler, 1996; Guiasu and Dunham, 1999) . Therefore, competition for shelter may be important in species displacement between native and alien crayfish species.
Some factors can affect shelter competition between crayfish species. Dominance in shelter competition depends on differences in body size (Vorburger and Ribi, 1999) and sex (Peeke et al., 1995) between crayfishes. The prior residence effect, reported by Braddock (1949) , in which an initial resident in a geographical area has a social dominance advantage over a subsequent intruder, may affect the outcome of shelter competition. Evidence exists that prior residence affects shelter competition by many decapod crustaceans, including adult signal crayfish P. leniusculus (Ranta and Lindström, 1993; Peeke et al., 1995) , lobster Homarus americanus (Karnofsky and Price, 1989; Peeke et al., 1998) , two species of fiddler crabs Uca pugilator and U. pugnax (Hyatt and Salmon, 1978) , sand-bubbler crab Scopimera globosa (Takahashi et al., 2001) , and prawns Palaemon elegans (Evans and Shehadi-Moacdieh, 1988) . Whether prior residence affects shelter competition between the native (resident) and alien (intruder) crayfish species has not been investigated.
This study examined the competition for shelter with preferred sizes between C. japonicus and P. leniusculus in relation to prior residence, sex difference, and body size to assess the potential impact of P. leniusculus on C. japonicus.
MATERIALS AND METHODS
Two series of experiments were done between 14 May and 26 September 2002 to study the influences of (i) sex and (ii) body size differences on shelter competition by crayfish.
Size Measurements
In this study, the total length (TL) of crayfish from the apex of the rostrum to the caudo-mesial margin of the telson, carapace length (CL) from the posterior margin of orbit to the mid-dorsal posterior margin of the carapace, chela length (ChL) from carpal joint to the distal tip of the propodus, and chela width (ChW) that is the greatest palm width were used for size measurements.
Samples
Crayfish were collected between May and September 2002. Cambaroides japonicus were collected from a lake in eastern Hokkaido. Details of the sampling station are omitted here because of conservation measures for this local population. Pacifastacus leniusculus were collected from Lake Shikaribetsu in eastern Hokkaido, where the population of C. japonicus is extinct but where P. leniusculus is now established and has drastically increased (Kawai et al., 2002a; Nakata et al., 2002b) . Crayfish were gently collected by hand. The maximum TL of P. leniusculus that has been collected in Japan is 12-15 cm (Kamita, 1970; Hamano et al., 1992) and the maximum TL of C. japonicus is approximately 7 cm (Miyake, 1982) . In this study, we assumed that in nature no frequent shelter competition would occur between the large P. leniusculus (TL . 10 cm) and C. japonicus as such large P. leniusculus would prefer a larger shelter size than the preferred sizes for C. japonicus, judging from the results of Nakata et al. (2001a Nakata et al. ( , 2003c . Therefore, the size ranges of crayfishes collected were 2-8 cm TL for C. japonicus and 2-9 cm TL for P. leniusculus.
Only intermoult crayfish that had intact chelae and pereopods were taken to the laboratory at Otofuke Town, eastern Hokkaido. Crayfish were sexed and the CL, TL, ChL, and ChW were measured. The chelae sizes were measured for both chelae. Each crayfish individual was numbered on the carapace with white fingernail polish and was placed separately by species in stock tanks (60 cm 3 30 cm 3 36 cm, l 3 w 3 h) that contained ground water that was constantly filtered and aerated.
Artificial burrows made of grey-coloured straight PVC pipes were provided in the tanks. The number and sizes of the artificial burrows were determined from the number and body sizes of crayfish on the basis of Nakata et al. (2001a Nakata et al. ( , 2003c . Water temperature was maintained at 15 6 38C, at which C. japonicus is active in natural conditions (Kawai et al., 1994) and P. leniusculus lives in habitats it invaded in Hokkaido (e.g., Nakata et al., 2001b Nakata et al., , 2002b . The photoperiod was 12 h light : 12 h dark. During the day, white fluorescent lamps were used with a light intensity of 100 lx maximum on the water surface areas. One-third of the rearing water was changed every five days. Crayfish were fed with two kinds of artificial diet (Hayashikane Sangyo Co., Ltd, Shimonoseki, Japan); for Ayu fish Plecoglossus altivelis altivelis and for Kuruma prawn Marsupenaeus japonicus, once a day, that were proven effective for rearing C. japonicus, which showed high growth and survival (Nakata et al., 2003b) . No animals ecdysed or laid eggs within a week either before, after, or during each experimental period.
Experiment I: Effect of Sex Differences on Shelter Competition
We prepared four contest groups of mixed-sex different crayfish individuals of approximately equal sizes (6 1 mm TL): (1) male C. japonicus vs. female C. japonicus, (2) male P. leniusculus vs. female P. leniusculus, (3) male C. japonicus vs. female P. leniusculus, (4) male P. leniusculus vs. female C. japonicus, to clarify the effect of sex differences on shelter competition. Twenty pairs were in each group. Twenty semitransparent rectangular aquaria (39 cm 3 27 cm 3 19 cm, l 3 w 3 h) filled with ground water were set in the laboratory. Each aquarium contained a single shelter, which had one end capped, made of straight, grey PVC pipe. The shelter was placed at an angle to the length of the aquarium. The sizes of the shelter were determined according to the crayfish size on the basis of Nakata et al. (2001a) . Therefore, the internal diameters were selected from among 13 mm, 20 mm, 30 mm, and 40 mm from the regression formula in Nakata et al. (2001a) , and the lengths were Length TL33. Although the sizes of the shelters were suitable for C. japonicus, the preference of shelter size by P. leniusculus was similar to that of C. japonicus (Nakata et al., 2003c) ; P. leniusculus and C. japonicus preferred a similar internal diameter and length of shelters (Nakata et al., 2001a (Nakata et al., , 2003c . Therefore, the shelter sizes used for the experiments were determined from the preferred size of C. japonicus. Each aquarium was provided with weak aeration in the center and was covered with a transparent plastic board to prevent escape. The conditions of water temperature, light and dark cycle, and light intensity were the same as those in the stock tanks.
One individual of the crayfish pairs was placed at the center of each experimental aquarium at 09:00, and was designated as the ''resident.'' Another individual that was individually held in stock chambers for 24 h before the introduction was introduced into the center of the aquarium when the resident occupied the shelter and was designated as the ''intruder.'' The period before the introduction (i.e., 24 h) was the same as that used by Peeke et al. (1995) . Nine observations were made, one at each hour, between 10:00 and 18:00, and the shelter occupancy was recorded. This observation period in the day was chosen because C. japonicus and P. leniusculus occupy a shelter of preferred size at a high rate of nearly 100 percent during the day (Nakata et al., 2001a (Nakata et al., , 2003c . The crayfish of the pair that occupied the shelter was declared the winner in each of the nine observations. The overall winner of the contests in each pair was the individual that was in possession of the shelter for at least 55% of all occupations (i.e., more than half of the nine observations). The outcome was declared ''tie'' for each contest when both crayfish of a pair were in the open area or if two crayfish were both in the shelter.
We also recorded the number of shared shelters in each contest. The ''rate (percentage) of shared shelters'' (R) in each contest group was calculated by: R ¼ A/B, where A is the total number of shared shelters in the contests of each group and B is the total number of observations of each contest group (i.e., 180 times).
After the observations for each contest, the pairs of crayfish were transferred to stock tanks and were maintained for two days. Then, the experiment was repeated using the same pairs but with the resident-intruder crayfish reversed.
No food was provided, and water in the test aquaria was not changed during the experimental period for each contest. All experimental aquaria and shelters were well scrubbed by using tap water after each experiment for each pair, and each aquarium was filled with ground water.
Experiment II: Effect of Body Size Differences on Shelter Competition
We prepared four contest groups of different male crayfish individuals of different sizes (6 5-10 mm TL): (5) larger C. japonicus vs. smaller C. japonicus, (6) larger P. leniusculus vs. smaller P. leniusculus, (7) larger C. japonicus vs. smaller P. leniusculus, (8) larger P. leniusculus vs. smaller C. japonicus, to clarify the effect of body size differences on shelter competition. Twenty pairs were in each group. The crayfish pairs were crayfish that preferred an approximately equal size of shelter, as found by Nakata et al. (2001a Nakata et al. ( , 2003c . We also prepared three contest groups of different male crayfish individuals of approximately equal sizes (6 1 mm TL): (9) C. japonicus vs. C. japonicus, (10) P. leniusculus vs. P. leniusculus, (11) C. japonicus vs. P. leniusculus for control experiments. Twenty pairs were in each group. The other experimental methods and conditions were the same as for experiment I.
Relationships of ChL and ChW to CL of C. japonicus and P. leniusculus Chela size differences influence the displacement of native species by alien crayfish species (Garvey and Stein, 1993) . In this study, we calculated regression equations for the relationships of the ChL and ChW of both chelae to the CL of C. japonicus and P. leniusculus for each sex to examine the effect of chela size on intra-and inter-specific shelter competition.
Crayfish Plague
The crayfish plague that was carried by P. leniusculus infected C. japonicus in a laboratory experiment by using aquarium-reared individuals (Unestam, 1969) . In a laboratory study of shelter competition between P. leniusculus and Austropotamobius torrentium (Schrank, 1803), P. leniusculus was infected with the crayfish plague and transmitted the disease to A. torrentium, which then died about two weeks after contact with P. leniusculus (Vorburger and Ribi, 1999) . In this study, we carefully observed whether C. japonicus used for the experiments died from crayfish plague within two weeks after or during each experiment.
RESULTS

Experiment I: Effect of Sex Differences
on Shelter Competition In intraspecific contests, the number of wins in each contest group showed that male residents won significantly more contests than female intruders for both C. japonicus and P. leniusculus (chi-square test for goodness of fit, P , 0.01) (Table 1) . Therefore, the prior residence effect (resident dominating intruder) was significant in male-resident-female-intruder contests. However, the number of wins between female residents and male intruders was not significantly different in either species (chisquare test for goodness of fit, P . 0.05). Male residents were significantly more successful than female residents in occupying the shelter against opposite-sex intruders (chi-square test for independence, P , 0.05) ( Table 1) .
In interspecific contests, the total number of wins between male resident C. japonicus and female intruder P. leniusculus was not significantly different (chi-square test for goodness of fit, P . 0.05), but the prior residence effect was significant for male residents of P. leniusculus against female intruder C. japonicus in contests (chi-square test for goodness of fit, P , 0.01). The total number of wins by female resident C. japonicus and male intruder P. leniusculus in contests was not significantly different (chi-square test for goodness of fit, P . 0.05), although the prior residence effect was significant in female-resident P. leniusculus-male-intruder C. japonicus contests (chi-square test for goodness of fit, P , 0.001) ( Table 1) . Resident P. leniusculus won significantly more contests than resident C. japonicus for each sex against intruders (chi-square test for independence, P , 0.05). Thus, resident P. leniusculus showed a significant prior residence effect in shelter competition against intruder C. japonicus, but no prior residence effect was shown by C. japonicus against intruder P. leniusculus. Pacifastacus leniusculus was more successful than C. japonicus in maintaining occupation of a shelter.
The rates (percentages) of shared shelters were higher in interspecific contests than in intraspecific contests (Fig. 1 ).
Experiment II: Effect of Body Size Differences on Shelter Competition
In intraspecific contests, the larger residents of C. japonicus won a significantly higher proportion (85%) than smaller intruders (chisquare test for goodness of fit, P , 0.01) ( Table  2 ). However, 70% of smaller residents of C. japonicus lost against larger intruders, but the difference in winning percentage was not significantly different (chi-square test for goodness of fit, P . 0.05). Larger resident and intruder P. leniusculus won significantly more than smaller individuals (chi-square test for goodness of fit, P , 0.01). In the control experiment on shelter competition between males of equal size, a prior residence effect was significant for both C. japonicus and P. leniusculus (chi-square test for goodness of fit, P , 0.01) ( Table 2) .
In interspecific contests, larger residents and intruders were significantly successful in occupying shelters than smaller individuals for both C. japonicus and P. leniusculus (chi-square test for goodness of fit, P , 0.05). In the control experiment, resident P. leniusculus won significantly more than intruder C. japonicus (chisquare test for goodness of fit, P , 0.01), but the number of winners was not significantly different between resident C. japonicus and intruder P. leniusculus (chi-square test for goodness of fit, P . 0.05) ( Table 2) . Overall, the body-size advantage was more important than the prior residence effect in shelter competition for both crayfish species.
In experiments I and II, for both C. japonicus and P. leniusculus, almost all residents had occupied shelters when the intruders were introduced into the experimental aquaria. The size (1) to (4), (5) to (8), and (9) to (11) (Kruskal-Wallis test, P . 0.05). Winners were observed regardless of crayfish size. The rates (percentages) of shared shelters were usually higher in interspecific contests than in intraspecific contests (Fig. 1) . The rate was highest (29%) in small resident P. leniusculus against large intruder C. japonicus contests compared with the other contest types.
Relationships of ChL and ChW to CL of C. japonicus and P. leniusculus Regression formulae were used to calculate the significant differences between CL and ChL and between CL and ChW for each sex and each species. In all cases, the regression equations showed no significant differences between the left and right chelae (ANCOVA, P . 0.05). Thus, the left and right chelae data were combined. Regression lines of allometry described the significance in the relationships between CL (X, mm) and ChL (Y, mm) for both sexes ( 
Significant differences were between these equations (ANCOVA, P , 0.001). Figure 2 shows that the ChL was different in the order: male P. leniusculus . female P. leniusculus . male C. japonicus . female C. japonicus. Regression lines of allometry described the significance in the relationships between CL (X, mm) and ChW (Y, mm) for both sexes ( 
Significant differences were between these equations (ANCOVA, P , 0.001). Figure 2 shows that the ChW was different in the same order as for the ChL: male P. leniusculus . female P. leniusculus . male C. japonicus . female C. japonicus.
Crayfish Plague
No individual crayfish died in the stock tanks or experimental aquaria during the experimental period and within two weeks after the experiments, except for a few cases of cannibalism in the stock tanks.
DISCUSSION
Previous studies showed that prior residence affects shelter possession in many decapod crustaceans (Hyatt and Salmon, 1978; Evans and Shehadi-Moacdieh, 1988; Karnofsky and Price, 1989; Ranta and Lindström, 1993; Peeke et al., 1995 Peeke et al., , 1998 Takahashi et al., 2001) . However, we believe the effect of prior residence on shelter competition between native and alien crayfish species has never been studied so far. The results of this study suggest that prior residence affects shelter possession between C. japonicus and P. leniusculus of equal sizes and that C. japonicus is inferior to P. leniusculus if P. leniusculus invades the habitat of C. japonicus. A competitively superior crayfish species can exclude another crayfish species from shelters, resulting in higher mortality in the inferior species because of predation by fish (Garvey et al., 1994; Söderbäck, 1994) . The rainbow trout Onchorhyncus mykiss (Walbaum, 1792) lives in Lake Shikaribetsu where P. leniusculus has displaced C. japonicus (Nakata et al., 2002b) . The gastrolith of P. leniusculus was found in the stomach of O. mykiss from Lake Mashu where P. leniusculus and O. mykiss coexist (Hamano et al., 1992) . Thus, O. mykiss can prey on P. leniusculus, as well as C. japonicus that is a smaller species (8 cm in maximum TL). Cambaroides japonicus may be susceptible to predation by O. mykiss when it is excluded from a shelter by P. leniusculus, which has the prior residence effect in shelter competition as shown by this study. The predation risk by fish such as the rainbow trout may be an important factor in species displacement between C. japonicus and P. leniusculus.
Experiment I that examined the effect of sex differences on shelter competition showed that male crayfish dominate female crayfish of approximately equal body size of both C. japonicus and P. leniusculus in intraspecific contests. This male advantage of C. japonicus and P. leniusculus may occur in natural habitats in Hokkaido. Therefore, female crayfish can be excluded in shelter competition by male crayfish if the resource of shelter is limited. Pacifastacus leniusculus lives at quite high densities in habitats that have been invaded (e.g., in Lake Shikaribetsu, Kawai et al., 2002a; Nakata et al., 2002b) . In the Great Ouse River in England, P. leniusculus makes its own burrows at quite high densities (Guan, 1994) . Pacifastacus leniusculus need not obtain a wider space for a shelter compared with C. japonicus (Nakata et al., 2003c) , which clearly suggests that P. leniusculus can live at a higher density, in habitats that have been invaded, than C. japonicus. Shelters that female C. japonicus can utilize could be limited through shelter competition when P. leniusculus, which can live at quite high densities, invades the habitats of C. japonicus, because female C. japonicus is inferior to even males of the same species.
In interspecific shelter competition, even female P. leniusculus dominated male C. japonicus in this study. Thus, we conclude that P. leniusculus dominates C. japonicus in shelter competition between crayfishes of equal sizes.
Why did the dominance differ between sexes and crayfish species? In this study, chela sizes were different in the order: male P. leniusculus . female P. leniusculus . male C. japonicus . female C. japonicus (Fig. 2) . These results agreed well with the dominance order in intraand inter-specific contests. Chela size differences, together with other mechanisms such as competition, predation, and reproductive interference, influence the displacement of native crayfish species by alien crayfish species (Garvey and Stein, 1993) ; the results of this study agreed with this suggestion. Hence, chela size differences may be important in shelter competition between C. japonicus and P. leniusculus. In general, P. leniusculus is more aggressive than other crayfish species (e.g., Tierney et al., 2000) . Pacifastacus leniusculus usually dominates C. japonicus in aggressive encounters in a malemale contest of equal-sized pairs of 18-34 mm orbital carapace length (OCL, from the back of the eye socket to the posteromedian edge of the carapace length) (Usio et al., 2001) . The severe aggression by P. leniusculus may be important to explain why P. leniusculus dominates C. japonicus in shelter competition.
Our study showed that some crayfishes shared a single shelter. The rates of shared shelters were usually higher in interspecific contests (Fig. 1) . The same utilization of shelters by C. japonicus and P. leniusculus may occur in natural habitats when P. leniuscu- Fig. 2 . Interspecific and sex differences in the chela sizes. a, relationship between chela length (mm) and carapace length (mm). b, relationship between chela width (mm) and carapace length (mm). All data of both chelae were used in the calculations.
lus invades the habitats of C. japonicus. The influence of shared shelters by P. leniusculus on C. japonicus needs to be examined in detail. Usio et al. (2001) also experimented on shelter competition between C. japonicus and P. leniusculus, in which P. leniusculus usually dominated C. japonicus in aggressive encounters and the dominance dictated shelter occupancy. The shelter preference differed: shelter use was much higher in C. japonicus than P. leniusculus. The superiority of P. leniusculus was similar to our results, but the shelter preference of P. leniusculus was not the same as this study.
The experimental methods of Usio et al. (2001) differed from our methods in the following three points. First, the shelter sizes used differed. Laboratory experiments on artificial burrow preference of C. japonicus and P. leniusculus that used PVC pipes as burrows showed that both C. japonicus and P. leniusculus had a marked preference for a particular size of shelter (Nakata et al., 2001a (Nakata et al., , 2003c . Most C. japonicus and P. leniusculus occupied shelters when suitable-sized shelters were provided in aquaria. Shelter lengths of suitable sizes were greater than TL 3 3 for C. japonicus and TL 3 2 for P. leniusculus. Cambaroides japonicus usually do not utilize shelters of Length TL 3 2. The internal diameters of the shelters preferred by C. japonicus and P. leniusculus of sizes 4-8 cm in TL are 2-4 cm (Nakata et al., 2001a (Nakata et al., , 2003c . Thus, the shelter sizes used by Usio et al. (2001) were not suitable and were too short (PVC pipes 5 cm long and 3 cm or 5 cm internal diameter) for C. japonicus and P. leniusculus compared with the preferred sizes shown by Nakata et al. (2001a Nakata et al. ( , 2003c . Unsuitable shelter sizes may have reduced shelter utilization by P. leniusculus in the Usio et al. (2001) study. Because of marked preference for particular shelter sizes by C. japonicus and P. leniusculus in experimental conditions, in nature these crayfish species would have a preference for particular shelter sizes in proportion to their body size. The sizes of their natural shelters or burrows are correlated to their body sizes (Kawai, 1995; Guan, 1994) . Therefore, providing shelters of preferred sizes in experimental aquaria would be important when experimenting on shelter competition between crayfish species.
Second, the sizes of experimental crayfish differed. Usio et al. (2001) used only male crayfishes of sizes 18-34 mm OCL (4-8 cm estimated TL). In populations of C. japonicus, individuals of TL 4 cm are more frequent than individuals of TL 4 cm (Kawai et al., 1997) . Thus, using crayfish of sizes TL 4 cm in experiments on shelter competition is necessary because shelter competition would occur more frequently between such smaller individuals of C. japonicus and P. leniusculus if the latter species invaded the habitats of the former species.
Third, we examined the effect of prior residence, sex, and body size differences on intraand inter-specific shelter competition, but Usio et al. (2001) did not focus on them. Our study clarified that these factors can greatly affect shelter competition.
Intraspecific shelter competition of adult P. leniusculus was examined in same-and mixedsex dyads by Peeke et al. (1995) . In their study, a significant prior residence effect was found in the contest of same-sex dyad for both sexes. Their results were identical with our results. In the mixed-sex contests of the Peeke et al. (1995) study, female residents had a significantly higher proportion of wins (80%) than male intruders. The results of this study showed a similar tendency: female residents won a higher proportion of contests (60%) against male intruders, but the difference failed to be significant. However, the results of male resident versus female intruder contests were different between the two studies: only 33% of male residents won against female intruders in the Peeke et al. (1995) study, but 90% of male residents won in this study. The difference in the results may be explained by the difference in experimental methods between the two studies. The Peeke et al. (1995) study used a terra cotta flowerpot (10 cm opening 3 8 cm depth) or an 8 cm section of 5 cm diameter grey PVC pipe for shelters. The shelter sizes used for the experiments differed between the two studies, especially the length. In this study, the preferred sizes were based on Nakata et al. (2001a) , that is, Length TL 3 3. The occupation of shelters of preferred sizes may lead to a greater prior residence effect for male residents. Further, the body sizes of crayfish used differed greatly: Peeke et al. (1995) examined shelter competition in adult crayfish (male, 53.02 mm average CL; female, 51.76 mm average CL), but we used smaller crayfish of 2-9 cm TL (8-34 mm CL). The difference in body sizes used may have caused the different results. However, crayfish males are usually dominant over females (Gherardi, 2002) , as shown in our results.
Species displacement of C. japonicus by P.
leniusculus has occurred in many lakes and rivers in eastern Hokkaido (Hiruta, 1998; Kawai et al., 2002a; Nakata et al., 2002b) , but no evidence exists that P. leniusculus has eliminated the local populations of C. japonicus. However, our study suggests that P. leniusculus can dominate C. japonicus in shelter competition if P. leniusculus invades the habitats of C. japonicus. Competition for limited resources would occur when C. japonicus and P. leniusculus coexist because the fundamental niche can overlap between the two crayfish species. Both C. japonicus and P. leniusculus often hide under and between rocks and in a burrow (Kawai, 1992; Guan, 1994) , and C. japonicus spawns and hibernates within burrows (Komoriya, 1984; Kawai, 1992) . Therefore, a shelter including a burrow is an important area for these two species. Competitive exclusion of the inferior native species C. japonicus by the superior alien species P. leniusculus in shelter competition might be important in the species displacement in Hokkaido. The crayfish plague from P. leniusculus can infect C. japonicus under laboratory experimental conditions (Unestam, 1969) . In this study, no individual of C. japonicus died from the plague during the experiment and within two weeks after the experiment, but P. leniusculus was collected from Lake Shikaribetsu where it has displaced C. japonicus (Kawai et al., 2002a; Nakata et al., 2002b) . Individuals of P. leniusculus used might not have carried the crayfish plague. No evidence exists that the crayfish plague from P. leniusculus has caused the extinction of natural local populations of C. japonicus. Also, no evidence exists that the crayfish plague in Japan is sparse. Therefore, studying as quickly as possible whether P. leniusculus that invaded natural habitats in Japan has carried the crayfish plague is necessary.
Cambaroides japonicus has a low adaptability to environments; for example, it has a low tolerance to high water velocity (Nakata et al., 2003a) and high temperatures compared with other crayfish species. However, P. leniusculus is highly adaptable to a wide range of environments and is one of the most widely distributed and successful crayfish species in the world (Lewis, 2002) . Hence, P. leniusculus may be easy to establish in habitats of C. japonicus when P. leniusculus invades there. Prompt measures should be taken to deal with the ever-increasing distribution of P. leniusculus through human activities to conserve C. japonicus, because the superior alien species P. leniusculus would have a negative impact on the inferior native species C. japonicus.
